In this work, we investigated the up-conversion processes in LiYF 4 (YLF) crystals doped with 1 mol% of Er 3+ and containing 50 mol% of Er 3+ . The up-conversion processes include the excited state absorption (ESA) of pumping radiation process and the energy-transfer up-conversion (ETU) process. The luminescence lifetime was measured from decay curve of the 4 S 3/2 T 4 I 15/2 (556 nanometers [nm] ) transition using pulsed laser excitations tuned between 967 and 999 nm from an optical parametric oscillator pumped by the second harmonic of a Q-switched Nd:YAG laser. We also studied the dipole-dipole and dipole-quadrupole interactions that occur among Er 3+ ions in Er (50 mol%):YLF crystal. For this investigation, we used the Inokuti-Hirayama model that is due to an energy transfer between ions without involving the excitation migration through donors.
Introduction
Nowadays, the spectroscopic properties of rare-earth doped crystals have been world widely investigated due to the great benefit of new infrared lasers operating at 3 micrometers (mm) range (LOTEM et al., 1988; MOULTON; ADAMKIEWICZ; WRIGHT, 1992) for medical and odontological applications (HECHT, 1993) .
Particularly, 2.75 mm Er-laser has been extensively used in researches on biological tissue laser radiation interaction (STRUVE; HUBER, 1991), mainly due to the laser emission being resonant with the water absorption, making it attracted to bone cutting and teeth drilling.
However, the laser energy of this system is decreased by up-conversion processes. Two of these processes are: the excited state absorption (ESA) of pumping radiation and the energy-transfer upconversion (ETU). The ESA process is the absorption of two photons by the same ion and the ETU process is the energy transfer between two different ions. However, they can be distinguished, i.e., the ESA has an instantaneous excitation time (nanoseconds [ns] ) and ETU occurs in a time longer than the ESA process microseconds (ms) (AUZEL, 1992; SCHEPS, 1996) . For the ESA process, the rise constant is similar to the pumping duration (~20 ns) and the decay constant should be the same as observed for the total process (ESA + ETU). For the ETU process, the rise constant is slower and the area was estimated by the difference between the total integrated area of the curve and one obtained from ESA process.
Experimental setup
The acquisition of the data was done in two scales (ms and milliseconds [ms]) with 500 points each, hence the point density in the first region is higher than the second one (ms). One can obtain the ESA and ETU excitation spectra from the integrated areas in arbitrary units, as it is shown in Graphic 4b for the sake of a comparison.
The ESA process is the only one present in the excitation range from 965 to 980 nm. However, both processes can be present for excitation in the range of 980 to 1,000 nm.
Dipole-dipole (d-d) and dipole-quadrupole (d-q) interactions
The luminescence decay time of 556 nm emission has two components and this can be 
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